THE APPLICATION OF ACOUSTIC RADIATION MODES TO ENGINE OIL PAN DESIGN
Acoustic radiation modes! Radiate sound power independently Can be obtained numerically
Acoustic Radiation Modes
ARM is only a function of frequency and the shape of the radiating surface. ARM is a set of velocity distribution Each of the ARMs radiates sound power independently, i.e. the overall radiated sound power can be obtained by simply summing up the sound power from each radiation mode
SAE INTERNATIONAL
 It has been demonstrated that acoustic radiation modes can be used as basis functions in acoustic holography. 

 The radiation resistance matrix is defined by  And then the sound pressure and particle velocity can be related by  Apply singular value decomposition to the real part of  The columns in are the acoustic radiation modes, and the corresponding terms in is the radiation efficiency.
 ARM currently is widely used in the field of active noise control.
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Formulation of Acoustic Radiation Modes (2) Step 1: The oil pan is discretized into acoustic mesh
Step 2 Step 4: Calculate velocity response using boundary condition supplied by multibody dynamic simulation
Obtain Vibration Velocity Response Step 5: Calculate scaled radiation mode
Step 6 Step 7: Select radiation mode to disrupt and make structural modification These steps can be repeated until a satisfying result is obtained.  The shape of the radiation modes along with the sound power from each of the radiation modes assisted in the determination of the target vibration pattern which has to be disrupted.  The modification is precise and effective. More than 7 dB reduction was achieved at the target frequency.  In the first iteration, the target frequency is clear and the vibration pattern is simple. Engineer can probably make the same decision without knowing the sound power from each of the radiation modes.
Make modification targeting specific vibration pattern
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